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ENERGY STORAGE FLYWHEEL RETENTION SYSTEM AND METHOD 

TECHNICAL FIELD 

[0001] The present invention relates to energy storage flywheel systems and, 
more particularly, to a system and method of providing support for, and/or 
inhibiting rotation of, an energy storage flywheel when the flywheel system is 
being transported and/or launched. 

BACKGROUND 

[0002] Many satellites and other spacecraft, as well as some terrestrial 
stationary and vehicle applications, such as seagoing vessels, can include one or 
more energy storage flywheel systems to provide both a backup power source and 
to provide attitude control for the vehicle. In such systems, each flywheel system 
is controlled and regulated to balance the electrical demand in the vehicle 
electrical distribution system, and may also be controlled in response to 
programmed or remote attitude (or torque) commands received by a main 
controller in the vehicle. 

[0003] Many energy storage flywheel systems include one or more 
components that are rotationally mounted within a housing assembly. These 
components, which may be referred to as the rotating group, include, for example, 
an energy storage flywheel, a motor/generator, and a shaft. In particular, the 
energy storage flywheel and motor/generator may be mounted on the shaft, which 
may in turn be rotationally mounted in the housing assembly via one or more 
bearing assemblies. In many instances, the shaft is rotationally mounted using one 
or more primary bearing assemblies, and one or more secondary, or back-up, 
bearing assemblies. For example, in many satellite and spacecraft applications, 
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the flywheel system may include one or more magnetic bearing assemblies that 
function as the primary bearing assemblies, and one or more mechanical bearing 
assemblies that function as the secondary bearing assemblies. 

[0004] When a flywheel system is being transported from one location to 
another for testing and/or installation into an end-use system, the magnetic bearing 
assemblies are not activated and, therefore, will not support the rotating group. 
Moreover, when a flywheel system is installed in a satellite or other spacecraft, 
the magnetic bearing assemblies are not activated during the launch of the satellite 
or spacecraft. Thus, the magnetic bearings will also not provide support to the 
rotating group under these conditions. 

[0005] During both of the operational events described above (e.g., transport 
and launch), the flywheel system may be subjected to various forces and 
vibrations. However, in many instances the secondary bearings are not 
constructed or configured to adequately support the rotating group against the 
vibrations and forces the flywheel system may experience during these events. As 
a result, the rotating group can be damaged during these operational events, which 
can shorten the effective life of the flywheel system and/or can increase system 
costs. To reduce the likelihood for damage during transport from one earthbound 
site to another for testing and/or installation, a flywheel system may be partially 
disassembled before transport, and then reassembled upon arrival at it destination. 
This operation can be time-consuming, and can undesirably add to overall system 
costs. 

[0006] Hence, there is a need for a system and method for supporting the 
rotating group in an energy storage flywheel system during flywheel system 
transportation and/or launch that addresses one or more of the above-noted 
drawbacks. Namely, a system and method that supports the rotating group during 
transport and/or launch that reduces the likelihood for damage to the rotating 
group and/or does not rely on partial system disassembly and reassembly and/or 
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reduces overall system costs. The present invention addresses one or more of 
these drawbacks. 



BRIEF SUMMARY 

[0007] The present invention provides a system and method for supporting the 
rotating group in an energy storage flywheel system during flywheel system 
transportation and/or launch. 

[0008] In one embodiment, and by way of example only, an energy storage 
flywheel system includes a housing assembly, a flywheel assembly, and one or 
more actuator assemblies. The flywheel assembly is rotationally mounted in the 
housing assembly. Each actuator assembly is mounted in the housing assembly, 
and is configured to selectively (i) engage the flywheel assembly, to thereby 
inhibit movement thereof, and (ii) disengage the flywheel assembly, to thereby 
allow movement thereof. 

[0009] In another exemplary embodiment, an energy storage flywheel system 
includes a housing assembly, a flywheel assembly, one or more magnetic bearing 
assemblies, one or more actuator assemblies, and a control circuit. The flywheel 
assembly is rotationally mounted in the housing assembly. Each magnetic bearing 
assembly is mounted in the housing assembly and is adapted to receive (i) an 
activation command, whereby the magnetic bearing assembly rotationally mounts 
the shaft in non-contact manner or (ii) an inactivation command, whereby the 
magnetic bearing assembly does not rotationally mount the shaft. Each actuator 
assembly is mounted in the housing assembly and is adapted to receive (i) an 
engage signal, whereby the actuator engages the flywheel against movement or 
(ii) a disengage signal, whereby the actuator disengages the flywheel assembly. 
The control circuit is configured to (i) supply the engage signal to each actuator 
assembly when the inactivation command is supplied to the magnetic bearing 
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assembly and (ii) supply the disengage signal to each actuator assembly when the 
activation command is supplied to the magnetic bearing assembly. 

[0010] In yet another exemplary embodiment, a method of selectively 
inhibiting rotation of a rotationally mounted flywheel assembly includes engaging 
at least a portion of the flywheel assembly, to thereby substantially inhibit 
movement thereof, and disengaging the flywheel assembly, to thereby allow 
movement thereof. 

[0011] Other independent features and advantages of the preferred flywheel 
caging system will become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings which illustrate, by way of 
example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a simplified schematic representation of an exemplary energy 
storage flywheel system that includes an exemplary embodiment of a retention 
system in a disengaged configuration; and 

[0013] FIG. 2 is a simplified schematic representation of the system shown in 
FIG. 1, but with the exemplary retention system in an engaged configuration. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

[0014] Before proceeding with a detailed description, it is to be 

appreciated that the described embodiment is not limited to use in conjunction 
with a spacecraft. Thus, although the present embodiment is, for convenience of 
explanation, depicted and described as being implemented in a satellite, it will be 
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appreciated that it can be implemented in other systems and environments, both 
terrestrial and extraterrestrial. 

[0015] A simplified schematic representation of an energy storage flywheel 
system 100 is depicted in FIG. 1. In the depicted embodiment, the energy storage 
flywheel system 100 includes a flywheel assembly 102, a shaft assembly 104, a 
plurality of primary bearing assemblies 106, a plurality of secondary bearing 
assemblies 108, and a motor/generator 110, all of which are preferably mounted 
within a housing assembly 112. It will be appreciated that the internal portion of 
the housing assembly 1 12, during operation of the system 100, may be placed at a 
vacuum to minimize aerodynamic losses. It will additionally be appreciated that 
if the energy storage flywheel system 100 is installed in a natural vacuum 
environment, such as in space applications, then the housing assembly 1 12 
internals need not be at a vacuum. 

[0016] The flywheel assembly 102 may be constructed in any one of 
numerous configurations and of any one of numerous materials. In the depicted 
embodiment, the flywheel 102 includes a hub 1 14 and a flywheel rim 116. The 
hub 1 14 is preferably constructed of a high-strength metal alloy, and is mounted 
on the shaft assembly 104. The hub 114 may be constructed in any one of 
numerous configurations including, for example, a solid configuration, a spoke- 
type configuration, or a combination thereof. The flywheel rim 1 16 is mounted 
on, and surrounds the hub 1 14, and is preferably constructed of a material having 
a high strength-to-density ratio such as, for example, filament wound carbon fiber. 

[0017] The shaft assembly 104 is rotationally supported in the housing 
assembly 112. The rotational support for the shaft 104 is provided by either the 
primary magnetic bearing assemblies 106, when activated, or the secondary 
bearing mechanical assemblies 108, when the primary magnetic bearing 
assemblies 1 06 are deactivated or not operating for one reason or another. In the 
depicted embodiment, the primary magnetic bearing assemblies 1 06 are active 
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magnetic bearing assemblies, and the secondary bearing assemblies 108 are 
mechanical, roller ball type bearing assemblies, and each are positioned on either 
side of the flywheel assembly 102. In particular, with respect to the view depicted 
in FIG. 1, a first magnetic bearing assembly 106-1 and a first mechanical bearing 
assembly 108-1 are each positioned to the left of the flywheel assembly 102, and a 
second magnetic bearing 106-2 and a second mechanical bearing assembly 108-2 
are each positioned to the right of the flywheel assembly 102. It will be 
appreciated that the number and type of primary 106 and secondary 108 bearing 
assemblies may be varied and that two of each is merely exemplary of a particular 
preferred embodiment. 

[0018] The motor/generator 1 10 is coupled to the shaft assembly 104, and 
includes a stator assembly 118 and a rotor assembly 120. The motor/generator 
1 10 is configured to operate in either a motor mode or a generate mode. When 
operating in the motor mode, electrical energy is supplied to the motor/generator 
stator assembly 1 1 8 and, via normal motor action, the supplied electrical energy is 
converted to mechanical energy in the motor/generator rotor 1 10, which in turn 
rotates the shaft assembly 104 and thus the flywheel assembly 102. Conversely, 
when it is operating in the generate mode, mechanical energy stored in the 
flywheel assembly 102 is supplied to the shaft assembly 104, which is in turn 
supplied to the motor/generator rotor assembly 1 1 0. This mechanical energy is 
converted to electrical energy in the motor/generator stator assembly 118, via 
normal generator action, and is supplied external to the energy storage flywheel 
system 100. It is to be appreciated that the motor/generator stator 1 1 8 and rotor 
120 assemblies may be any one of numerous stator and rotor assembly designs 
known in the art for performing their intended functions. An understanding of the 
structure of the motor/generator stator 1 1 8 and rotor 120 assemblies is not 
necessary to an understanding of the present invention and, therefore, will not be 
further described. 
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[0019] In addition to the above-described components, the energy storage 
flywheel system 100 includes a plurality of flywheel assembly latch actuator 
assemblies 122. In the depicted embodiment, four latch actuator assemblies 122 
are mounted in the housing assembly 1 12, with two of the actuator assemblies 
122-1, 122-2 being positioned above the flywheel assembly 102, and the other two 
actuator assemblies 122-3, 122-4 being positioned below the flywheel assembly 
102. Preferably, the actuator assemblies 122 are aligned with the flywheel 
assembly hub 1 14, and even more particularly, with an outer portion of the hub 
1 14. The actuator assemblies 122 are selectively movable between an engaged 
position and a disengaged position. In the engaged position, which is shown in 
FIG. 2, the actuator assemblies 122 engage the flywheel assembly hub 114, and 
provide support to, and inhibit movement of, the flywheel assembly 102. In the 
disengaged position, which is the position shown in FIG. 1 , the actuator 
assemblies 122 are disengaged from the flywheel assembly hub 1 14. Thus, the 
actuator assemblies 122 provide no support for the flywheel assembly 102, and 
flywheel assembly movement is not inhibited. It will be appreciated that the 
movement of the flywheel assembly 102 that the actuator assemblies 122 inhibit 
both rotational and translational movement. 

[0020] The actuator assemblies 122 may be any one of numerous types of 
actuator assemblies 122 including, but not limited to, motor-driven jackscrews, 
motor-driven pistons, and various types of solenoids. In a particular preferred 
embodiment, however, the actuator assemblies 122 are solenoid-operated 
actuators, that each includes an actuator 124 and a solenoid 126. The actuators 
124 may be any one of numerous actuator types and any one of numerous actuator 
configurations that will appropriately engage the flywheel assembly 102, to 
support the flywheel assembly 102 and inhibit its rotation The solenoids 126 may 
additionally be any one of numerous solenoid types and configurations. However, 
in a preferred embodiment, the solenoids 126 are latch-type solenoids. As is 
generally known, a latch-type solenoid is moved from one position to another by 
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supplying it with one or more electrical signals of appropriate polarity. Once the 
latch-type solenoid is moved to the desired position, it will remain latched in that 
position until it is supplied with one or more electrical signals of the opposite 
polarity. At that time, it will overcome the latching force and move to the 
opposite position. 

[0021] As FIGS. 1 and 2 also show, the energy storage flywheel system 100 
additionally includes one or more control circuits. In the depicted embodiment, 
the system includes an actuator assembly control circuit 128 and a magnetic 
bearing control circuit 130. The actuator assembly control circuit 128 is coupled 
to each of the actuator assemblies 122, and is configured to supply the appropriate 
electrical signals (e.g., an actuator engage command signal 132 and an actuator 
disengage command signal 134) to the actuator assemblies 122, to thereby move 
each between the engaged and disengaged positions. The actuator control circuit 
128 is also in operable communication with the magnetic bearing control circuit 
130, and supplies the actuator engage 132 and disengage 134 command signals to 
the magnetic bearing control circuit 130. 

[0022] The magnetic bearing control circuit 130 receives the actuator engage 
132 and disengage 134 commands and, in response, is operable to either activate 
and control the magnetic bearing assemblies 106, or to deactivate and shutdown 
the magnetic bearing assemblies 106. In particular, when the actuator assembly 
control circuit 128 supplies the engage command signal 132 to the actuator 
assemblies 122, the magnetic bearing controller 130 will shutdown and deactivate 
the magnetic bearings 106. Conversely, when the actuator assembly control 
circuit 128 supplies the disengage command signal 134 to the actuator assemblies 
122, the magnetic bearing controller will activate and control the magnetic bearing 
assemblies 106 in accordance with an appropriate control law. This 
synchronization of the activation and deactivation of the magnetic bearing 
assemblies 106 with the disengagement and engagement of the actuator 
assemblies 122, respectively, will ensure that the flywheel assembly 102 is 
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properly supported and its movement is appropriately inhibited whenever the 
magnetic bearing assemblies are deactivated. 

[0023] It will be appreciated that the control circuit configuration depicted in 
FIGS. 1 and 2 and described above is merely exemplary of one particular 
embodiment, and that other control circuit configurations could also be used. For 
example, rather than the magnetic bearing control circuit 1 30 responding to 
signals from the actuator control circuit 128, the opposite configuration could be 
implemented. Specifically, the magnetic bearing control circuit 130 could supply 
one or more signals to the actuator control circuit 128. In response to the signals 
from the control circuit 130, the actuator control circuit 128 would supply the 
engage 132 and disengage 134 command signals to the actuators 122. It will 
additionally be appreciated that the actuator control circuit 128 and the magnetic 
bearing control circuit 130 could be integrally formed. In yet another alternative 
and non-limiting configuration, each control circuit 128, 130 could be configured 
to receive one or more command signals from a main controller (not shown). In 
response to the command signals, the actuator control circuit 128 would supply 
the engage and disengage command signals to the actuator assemblies 122, and 
the magnetic bearing control circuit 130 would activate and deactivate the 
magnetic bearing assemblies 1 06. 

[0024] The energy storage flywheel system and method described herein 
includes one or more actuators that provide support for, and inhibit rotation of, a 
flywheel assembly 102 that is rotationally mounted using one or more magnetic 
bearing assemblies, whenever the magnetic bearing assemblies are deactivated, 
such as during flywheel system shipment, or during a vehicle launch when the 
flywheel system is installed in a spacecraft. The support and rotation prevention 
provided by the actuators reduces the likelihood of damage occurring to the 
flywheel system rotating group, and alleviates any partial system disassembly and 
reassembly before and after shipment. 
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[0025] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many modifications may 
be made to adapt to a particular situation or material to the teachings of the 
invention without departing from the essential scope thereof. Therefore, it is 
intended that the invention not be limited to the particular embodiment disclosed 
as the best mode contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the scope of the appended 
claims. 



